The fixation of the first component of complement (C[unk]1) by rabbit and goat anti-IgG antibodies reacting with auto-or isoimmune antibodies attached to red cells has been investigated. Two molecules of the rabbit IgG anti-IgG were required to fix a single molecule of C[unk]1, whereas only one molecule of goat IgM anti-IgG was required. The relationship between the number of auto-or isoimmune antibody molecules attached to the red cells and the amount of C[unk]1 fixed by anti-IgG was determined by the concentration of anti-IgG. A concentration of anti-IgG was found such that the number of molecules of C[unk]1 fixed was directly proportional to the concentration of auto-or isoimmune antibody. By this method a sensitive, reproducible minimum estimate of the amount of cell-bound and serum antibody could be made.
INTRODUCTION
The factors involved in the destruction of red cells in patients with immune hemolytic anemia have been difficult to assess because of the difficulty in obtaining quantitative data about the immunological reactions which take place at the red cell surface. These reactions involve antibodies of different types, antigens of different specificities, and, in some instances but not others, the fixation of complement (1) . Recently we have investigated the relationship of the type and quantity of the antibody to the fixation of the first component of complement in vitro and thus to the initiation of the complement sequence (2) . Most autoimmune antibodies which react with the red cell at body temperature are IgG in type and require two molecules of antibody in a specific geometrical relationship for the fixation of a molecule of C1. The antibodies which react with the red cell only at reduced temperature are usually IgM
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(cold agglutinins) and require only one molecule of antibody to fix a molecule of C1. This difference in temperature of reaction and in ability to fix C' probably determines differences in the mechanism of lysis of the cells.
Since the warm agglutinin antibodies are bound to the cell during its circulation, and since little or no complement may be fixed, the presence of antibody at the cell surface is probably the main determinant marking the cell for destruction. The relationship between the amount of antibody at the cell surface and its destruction has not been well studied, chiefly because the methods of determining the amount of bound antibody have been crude.
In recent years, methods of quantitating immune reactions have become available through increased knowledge of the complement system. Borsos and Rapp first quantitated immune reactions by measuring the amount of the first component of complement fixed by antibody-antigen reactions (3) . We have applied this system to the study of the human antibodies and have found, as did Borsos and Rapp, that the amount of C1 fixed depended upon the type of antibody as well as its concentration at the red cell surface (2) . In this sytem, the relative amount of IgM antibody on the cell may be measured directly since a single antibody molecule is able to fix a molecule of C1. However, the relative concentration of cell-bound IgG may not be directly measured since two molecules of antibody are needed to fix a molecule of C!, leaving many single antibody molecules which do not fix C1.
In the present paper, we present a method for the detection and quantitation of the amount of IgG antibody on the red cell surface using quantitative complement techniques and heterologous anti-immunoglobulin antisera. The complex relationship between the concentration of primary antibody, anti-antibody, and (11) . The solutions which were used contained 10'9 1013 effective molecules of complement by the hemolytic assay of Borsos and Rapp (11) . These solutions contained no C2 or C4 as detected by hemolytic assay.
C2. The second component of complement was partially purified from guinea pig serum according to the method of Borsos, Rapp, and Cook (12) . This method was slightly modi. fied in that the pH of the CM-cellulose was brought to 4.8. All exchange resins were allowed to equilibrate with their buffers for at least 1 wk before use. The solution that was obtained contained 1011 102 effective molecules of C2 by the hemolytic assay of Borsos and Rapp (13) . Antibody. Antibody to boiled sheep red cell stroma was made in rabbits according to the method of Mayer (5). This antibody was IgM in immunoglobulin type and had almost no agglutination properties.
EA C4. Sensitized sheep red cells containing only the fourth component of complement (C4) were made according to the method of Borsos and Rapp (14) . All procedures were performed stictly at 0C. in order to minimize the number of ineffective C4 sites.
C-EDTA. In order to provide the other components of complement (C3, C5-C9), guinea pig serum absorbed with sheep red cells was diluted 1 part in 50 in 0.015 M EDTA. Because of the chelation of the cations, calcium and magnesium, Ci and C2 present in the serum were not able to act in the complement sequence.
C1 fixation and transfer test (Ci ft test). The fixation
and transfer test was performed according to the method of Borsos and Rapp (3), with modification of the first stage. Human red cells in standard suspension were sensitized with appropriate amounts of autoimmune ("primary") antibody. After washing with VBS-sucrose buffer, they were reacted with an appropriate concentration of heterologous antiserum containing anti-IgG antibodies. After being washed twice, the cells were then suspended in 0.3 ml of partially purified guinea pig C1 which had been absorbed twice with normal human red cells. After incubation for 30 min at 30°C, the cells were suspended in VBS-sucrose buffer, centrifuged, and the pellet carefully transferred to a second tube. The cells were washed thrice more with VBS-sucrose buffer and were suspended in 9 ml of VBS buffer. The number of molecules of CY contained in this solution was then determined by the methodof Borsos and Rapp (11) , and the number of molecules of C1 fixed per red cell was calculated. The fixation of C1 by red cells alone, red cells and primary antibody, and red cells and anti-IgG was determined for each experiment when appropriate.
RESULTS
The fixation of C1 by antibody with and without anti-IgG 0.1 ml aliquots of a standard suspension of cells were sensitized with 0.1 ml volumes of different dilutions of eluate from the cells of patient L. W. To one set of sensitized cells, 0.2 ml of rabbit anti-IgG was added; to 728 another, 0.2 ml of goat anti-IgG, and to a third, 0. (15) (Fig. 2) .
For the IgM goat anti-IgG antibody, the dose-response curve was linear at limited concentrations of anti-antibody. When the logarithm of the relative con- centrations of anti-antibody was plotted against the logarithm of the number of molecules of Cl fixed, the resulting line was straight and the slope of the line was 1 (Fig. 2) . This indicates that a single molecule of this antibody, having reacted with the primary antibody, is capable of fixing a molecule of complement (2, 15) .
When higher concentrations of anti-antibody were used, the dose-response curves became more complex. When goat anti-IgG was reacted with red cells sensitized with primary antibody L. W. diluted 8 (heavy sensitization), the linear dose-response curve was seen between 0.0125 ml and 0.1 ml of the anti-IgG. Above this con- centration of the anti-antibody, the relationship was no longer linear (Fig. 3) . When varying amounts of rabbit anti-IgG were reacted with cells which had been heavily sensitized with primary antibody L. W. (8 dilution), a sigmoidal curve was obtained (see Fig. 3 ). The initial parabolic portion has been discussed above. The maximum amount of C1 was fixed by 0.4 ml of the anti-IgG. However, when a lower concentration of primary antibody was used to sensitize the cells (a X dilution), the maximal amount of complement was fixed at a concentration of 0.1 ml of anti-IgG, and further increases in its concentration did not increase the amount of CI fixed. (Fig. 4) .
However, when rabbit anti-IgG was used, the shape of the dose-response curve, and hence the slope of the logarithmic plot of relative concentration of primary antibody used in sensitization against the amount of CI fixed by the cells depended upon the concentration of the anti-IgG (Fig. 4 and Table I ). At limiting concentrations of anti-IgG (0.05 ml), the slope of the doseresponse line was less than 1. As the amount of anti-IgG was increased, the total amount of CI fixed by a given dilution of primary antibody increased as did the slope of the dose-response curve; a maximum of both measurements was found at a concentration equivalent to 0.2 ml of anti-IgG. At very high concentrations of antiIgG, both the total amount of CI fixed by a given concentration of primary antibody and the slope of the logarithmic dose-response curve decreased. Table II. The relationship of Cl fixation and titers to agglutination. In two series of tubes, normal red blood cells in standard suspension (0.1 ml) were incubated with 0.1 ml of graded dilutions of serum of patient R. A. (a patient with autoimmune hemolytic anemia and chronic lymphocytic leukemia). After washing, 0.1 ml of rabbit anti-IgG was added and incubated for 30 min. The cells were centrifuged and, in one series, were resuspended with gentle shaking and the amount of agglutination was microscopically estimated. In the other series, C1 was added and the amount of C1 fixed per cell was estimated. The results are shown in Fig. 5 .
The effect of complement components on the red cell membrane upon the determination of antibody concentration. In order to determine if the presence of complement components on the cell surface altered the ability to detect IgG antibody, studies were performed in which the amount of antibody R. F. was determined when fresh serum was added to permit the addition of complement components and when the cells used were previously coated with complement components. In both instances, the amount of C1 fixed by anti-IgG was the same as when complement components were not present (see Table III ).
DISCUSSION
The fixation of C1 by antibody appears to depend upon two characteristics of the antibody and its interaction with antigen. The immunoglobulin class of the antibody is important since it has been shown that a single mole- cule of IgM antibody from a variety of sources is capable of fixing a single molecule of Cl, whereas a "doublet" or two molecules of IgG antibody in some particular geometric relationship appear to be necessary for the fixation of a molecule of CI (2, 3). IgA antibodies apparently lack the site for the fixation of Cl since none has been demonstrated to do so (16) . In addition to the immunoglobulin class of the antibody, the arrangement of the antigen sites on the cell surface also appear to be important in determining the fixation of C1. Certain antibodies, especially those against antigens in the Rh system, are incapable of fixing Cl even at very high concentrations of antibody.
However, when IgG antibodies of several specificities in the Rh system are present on the cell at the same time, C! may be fixed, indicating that the lack of fixation of CI by antibodies of any given specificity is not an intrinsic property of the antibody (2). The absence of CI fixation is probably due to the distribution of the antigen sites such that doublet formation cannot occur.
The quantitation of antibody on the cell surface by its ability to fix CI is simple for antibodies of the IgM class which react with antigens present in large numbers on the red cell surface. We have shown that cold agglutinins may be easily measured on the surface of red cells since there is a direct relationship between the amount of cold agglutinin present and the amoumt of C! fixed (2, 17 The advantages of this method of measuring IgG antibody on the red cell are the precision, reproducibility, and ease with which the test can be performed. Its usefulness in following the course of patients with immune hemolytic anemia will be demonstrated in a subsequent paper (4) .
